The prevalence of sleep disturbances was studied in patients with severe non-ulcer dyspepsia.
The prevalence of sleep disturbances was studied in patients with severe non-ulcer dyspepsia. It was also considered if the change in sleep pattern was associated with changes in the rhythmic fasting motor activity of the gastrointestinal tract, and if motor events correlate with the patient's symptoms. Motor activity in the duodenum was monitored over a 24 hour period under freely ambulatory conditions in 10 healthy controls and in 10 patients with severe non-ulcer dyspepsia using a transnasally placed catheter with six solid state pressure transducers connected to a digital data logging device. Symptoms and sleep disturbance were assessed by questionnaire and diary. Based on their symptoms, the patients were separated into two groups: those with dyspepsia symptoms only (non-ulcer dyspepsia; n=5) and those with dyspepsia and additional functional symptoms thought to arise from the lower gastrointestinal tract (non-ulcer dyspepsia+irritable bowel syndrome; n=5). When compared with either the control or the non-ulcer dyspepsia+irrit-able bowel syndrome group, non-ulcer dyspepsia patients had a considerably decreased number of migrating motor complexes during the nocturnal period (0.7 v 4-6), a decreased percentage of nocturnal phase I (5-2% v 78-0%), and an increased percentage of the nocturnal period in phase II (94% v 15.4%). Patients with non-ulcer dyspepsia+irritable bowel syndrome were not different from normal controls. Four of the non-ulcer dyspepsia patients and all of the non-ulcer dyspepsia+irritable bowel syndrome patients reported difficulties with sleep. Clusters of high amplitude tonic and phasic activity, not accompanied by subjective reports of discomfort were noted in several patients in both groups during the study. In eight of 10 patients, abdominal pain was reported during normal motor activity, while in one patient, pain correlated with phase III of the migrating motor complex. In contrast with previous reports in patients with The syndrome of non-ulcer dyspepsia comprises a heterogeneous group of functional disorders assumed to arise from the upper gut, which share common symptoms: upper abdominal pain or discomfort, bloating, gas, nausea, and early satiety. -3 Although 50% of these patients show evidence for delayed gastric emptying or postprandial antral hypomotility, or both4-6 there is little evidence for a primary aetiological role of the motor abnormalities in most non-ulcer dyspepsia patients.7 8 A considerable number of patients with non-ulcer dyspepsia complain also of symptoms thought to arise from the lower gastrointestinal tract consistent with a diagnosis of the irritable bowel syndrome.9
Recent evidence suggests that many non-ulcer dyspepsia patients have a lowered threshold for conscious perceptions of gastric balloon distension, consistent with gastric hyperalgesia.'0 11 Absence of gastrointestinal symptoms during sleep has generally been taken as a clinical indication for the presence of 'functional' v 'organic' disease. ' subdivided into episodes resulting from abdominal discomfort and those without symptoms. The subjects undergoing the manometric evaluation were given the questionnaire before the study.
The influence of the test situation on all subjects was evaluated by questionnaire using visual analogue scales after tube removal. Subjects were asked to rate the discomfort experienced by the manometry tube from mild (1) to severe (10) . In addition, they were asked to compare the quality of sleep during the study with their usual sleep (1, same as usual; 5, somewhat worse; 10, considerably worse).
MANOMETRIC RECORDINGS
Antroduodenal motor activity was monitored with a highly elastic catheter containing six solid state pressure transducers (Koenigsberg Instruments, Pasadena, CA). The portion of the catheter located in the stomach and duodenum had a diameter of 4-65 mm, whereas the more proximal portion of the catheter had a diameter of 2-8 mm. Sensors were calibrated before placement using a manometric calibration system for solid state pressure catheters (Synectics, Irving, TX).
After an overnight fast, the catheter was placed transnasally into the stomach. Subsequently, the patient was placed in the left lateral decubitus position and the tip of the catheter was moved with biopsy forceps placed through a paediatric duodenoscope into the third portion of the duodenum. While the tip was held in place with the biopsy forceps, the endoscope was gradually withdrawn into the stomach. If the catheter moved during withdrawal of the endoscope, it was advanced again by grabbing it on one of four sites where a suture was attached to the catheter. For the endoscopic procedure the subject's throat was sprayed with 2% xylocaine and a maximal dose of 2 mg of midazolam (Versed; Roche) was given intravenously for sedation. The amount of midazolam in mg/kg body weight given to patients and normal subjects did not differ. The three proximal recording sites (spaced 1 cm apart) were placed under direct vision into the gastric antrum, whereas the three distal recording sites (spaced 10 cm apart) were placed into the duodenum. The distance between the most distal antral and the most proximal duodenal recording site was 10 cm. The location of the catheter was verified fluoroscopically after placement and just before withdrawing the catheter at the end of the study. Based on comparison of these two radiographs, there was no significant change in the location of the sensors within the stomach, even though small transient movements of the tube during the study are possible, based on the motility records. The catheter was connected to a digital data logging device (MicroDigitrapper, version 93-6600, Synectics Corporation, Irving, TX), and the patient was instructed to push one of four event buttons to indicate symptoms, time of food intake, and sleep. After withdrawal of the catheter, the data were transferred from the logging device to a PC computer and data analysed using a previously validated analysis software.33
Recording of duodenal motor activity was started three hours after completion of catheter placement. Normal control subjects were freely ambulatory but were asked to stay on the premises of the VA campus, and slept in the clinical study centre of the hospital. They ate two standard meals and were asked to refrain from any additional meals, snacks or caloric drinks. The standard meals were eaten at lunch time (12 am; 400 kcal) and dinner (6 pm; 570 kcal).
Patients were freely ambulatory. Two slept in the clinical study centre, two in a hotel, and six at home. They were asked to eat only two meals of their own choice (at 12 am and 6 pm) during the time of the study, and to refrain from snacks, or caloric drinks. The remainder of the study was identified as the diurnal period. During the diurnal period, the times at which subjects ate (postprandial period) were determined (14.5% of diurnal time). The end of the postprandial phase was defined at the point at which phase III of the migrating motor complex first reappeared after a meal. The evening postprandial periods were similar between controls and patients. The postprandial period was not further analysed in this study. The remainder of the diurnal recording, designated as fasting and the entire nocturnal period, were analysed for motor activity characteristic of phase I (motor quiescence), phase II (irregular contractile activity), or phase III (regular contractile activity at a frequency of 1 1-13 min-1), of the migrating motor complex.34 35 The duration and the percentage of diurnal (total diurnal minus postprandial) and nocturnal recording time occupied by phase I, phase II, and phase III of the migrating motor complex were determined. Values obtained from each of the three duodenal recording sites were averaged. The migrating motor complex cycle length, defined as the interval between two successive phase III activity fronts during which the subject did not eat or drink, was noted.
In addition, the duration and rate of aboral propagation of the migrating motor complex phase III was determined as previously described. 34 Table II summarises the type and prevalence of sleep disturbances of the 43 control subjects and the 65 non-ulcer dyspepsia subjects. Both the complaint of general sleep disturbances and symptoms suggestive of non-regenerative sleep (waking up repeatedly, morning awakening without feeling rested) were significantly more common in non-ulcer dyspepsia patients (67%) than in control subjects (23%) (p<0 05). When only women were compared, 75% of non-ulcer dyspepsia patients and 29% of controls complained of difficulty with sleep (p<0 05).
Of the 28 non-ulcer dyspepsia patients who reported repeated nocturnal awakenings, 65% blamed the awakening on their abdominal symptoms, 15% did not know the reason why they awoke, but experienced pain after awakening, and 20% stated they awoke because of urinary urgency. When subjects were asked to rate the discomfort and the quality of their sleep during the night of the manometric study, all normal subjects and all patients indicated that they slept worse than without the catheter. Patients experienced significantly more discomfort than controls. One of 10 normal controls and four of 11 patients reported difficulties falling asleep. Two controls and eight patients (three non-ulcer dyspepsia, five non-ulcer dyspepsia+irritable bowel syndrome) reported awakenings during the night. One patient (non-ulcer dyspepsia+irritable bowel syndrome) could not tolerate the catheter more than 14 hours because of discomfort.
MANOMETRIC PROTOCOL

Circadian variation of motor activity
The mean time spent in the nocturnal phase was 9 2 (1 0) h for controls and 8'9 (1 3) h for patients. Figure 1 shows representative tracings of diurnal and nocturnal motor activity from a control subject (A), from a non-ulcer dyspepsia patient (B), and from a nonulcer dyspepsia+irritable bowel syndrome patient (C). The most striking difference was a considerably decreased frequency of migrating motor complex phase III activity during sleep in non-ulcer dyspepsia patients. The comparative duration of migrating motor complex phases was calculated for each of the groups (Table III) . The proportion of the various phases of motor activity did not differ significantly among the three groups during the diurnal recording period. In non-ulcer dyspepsia, 94 (1)% were spent in phase II, 4 (1)% in phase I, and 2% in phase III. In contrast, when compared with the normal subjects there was a significant decrease in nocturnal phase I (5 (2) v 78 (6)%) and phase III activity (1 v 6 (1)%), and a significant increase in nocturnal phase II activity (94 (3) v 15 (2)%) in the non-ulcer dyspepsia group. Thus, non-ulcer dyspepsia patients spent the same proportion (94°/O) in phase II, regardless if they slept or were awake, while in normal subjects the proportion of phase II decreased by 84% during sleep. In contrast, in non-ulcer dyspepsia+irritable bowel syndrome patients, the nocturnal proportion spent in phase II was not different from normal controls. Characteristics ofphase III activity The characteristics of the migrating motor complex were studied in all subjects (Table IV) . The number of migrating motor complexes during the diurnal and nocturnal period was significantly lower in the group with non-ulcer dyspepsia, whereas this value in non-ulcer dyspepsia+irritable bowel syndrome patients was not different from control subjects. In non-ulcer dyspepsia patients, the diurnal propagation velocity of phase III migrating motor complex (2 1 (0 3) cm/min) was slower when compared with control subjects (6&9 (0 7) cm/min) or when compared with non-ulcer dyspepsia+irritable bowel syndrome patients (6-6 (1 8) cm/min). In contrast with previous reports,34 there was no difference in the propagation velocity between the diurnal or nocturnal periods in normal subjects or patients. The time from going to sleep (obtained from patient diary) until the first appearance of a migrating motor complex phase III was 40 (1) minutes in control subjects and 147 (16) in non-ulcer dyspepsia patients. There were no significant differences in the diurnal and nocturnal cycle length, phase III duration, or nocturnal propagation velocity among the three groups.
Motor patterns Changes in motor patterns were noted in four non-ulcer dyspepsia+irritable bowel syndrome patients, but were not seen in any of the control subjects or the non-ulcer dyspepsia patients during the time of the study (Fig 2) . Two patients had one such event/24 h period with a duration of five and eight minutes respectively. Two patients had two such events/24 h period, the duration ranging from 2-10 minutes. A change in duodenal motor activity was seen both during waking and sleeping hours. A change in motility was seen during fasting in the form of non-propagated clusters of phasic motor activity in the duodenum (A), prolonged high amplitude tonic contractions with superimposed phasic activity (B), and periodic propagated clusters of phasic activity (C). During the postprandial period, an increase in tonic motor activity with superimposed phasic contractions was seen (D). None of these motor events showed a temporal correlation with patients' reports of pain or discomfort.
Abdominal pain Every patient reported pain or discomfort during the study. A total number of 55 pain episodes was reported by all patients (5.4 (1)/24 h period/patient) during the study period. The frequency of pain episodes/patient was not different between non-ulcer dyspepsia (5-6 (2)/24 h) and non-ulcer dyspepsia+irrit-able bowel syndrome (1)/24 h). In none of the patients was a temporal correlation of abdominal pain or discomfort correlated with changed motor events. As Figure 1 (C) shows, however, one non-ulcer dyspepsia + irritable bowel syndrome patient reported consistently e III of the fasting motor activity was found in five of 10 awakened non-ulcer dyspepsia patients. s, pain was Several human physiological functions seem activity, or to vary with a periodicity of 90 minutes. Such ity (Fig 3) . periodicity is seen in the form of the cyclic fasting gut motor activity,35 and in a change of REM and non-REM sleep.37 38 Several indirect pieces of evidence suggest that phase II activity reflects increased CNS arousal. We and others34 have shown that phase II activity in normal subjects and in patients decreases soon after going to sleep and promptly increases upon awakening (Fig 1) Gastrointestinal symptoms that awaken the patient from sleep have generally been considered to be of organic origin.12 Our study confirms previous reports, however, that subjective reports of poor sleep are common in patients with functional bowel symptoms. '3 14 Furthermore, our findings suggest a possible correlation between poor sleep, increased nocturnal phase II motor activity, and the presence of chronic visceral pain syndromes.
Possible mechanisms to explain the increase in nocturnal phase II motor activity seen in this study include the effect of chronic distress on sleep, or the stimulation of sensitised visceral afferents by mechanical or chemical events, or both related to the presence of the manometry tube. Such stimulation could result in increased afferent input to brainstem areas concerned with the regulation of the wakesleep cycle.47 48 For example, appearance of the 'alpha electroencephalogram abnormality' has been reported to occur in response to inflation of a balloon catheter in the oesophagus during sleep.49 Oesophageal chemoreceptor stimulation associated with spontaneous relaxation of the lower oesophageal sphincter and resulting in gastro-oesophageal reflux, has been found to be associated with arousal from sleep.50 Gastro-oesophageal reflux may be facilitated by the manometry tube.
Our findings of increased nocturnal phase II motor activity in patients who only complain of symptoms thought to arise from the upper gut (non-ulcer dyspepsia), differ from those who also complained of symptoms thought to arise from the lower gut (non-ulcer dyspepsia+-irritable bowel syndrome), even though both group of patients complained of poor sleep. It has previously been reported that patients with a diagnosis of irritable bowel syndrome have similar nocturnal motor patterns as normal controls.44 Similarly, a recent study of irritable bowel syndrome patients and healthy controls by Kumar et al 27 found no differences between the two groups in the nocturnal intestinal motility pattern. The number of migrating motor complexes during sleep was within normal limits, and there was very little nocturnal phase II activity in either group. The proportion of time spent in REM was significantly increased in irritable bowel syndrome patients compared with controls. It is conceivable that lowered mechanoreceptor (or chemoreceptor, or both) thresholds in the oesophagus or stomach, or both (a finding common in non-ulcer dyspepsia patients) results in a greater likelihood of sleep disruption by normal physiological events, or in response to the manometry tube. Even though we did not characterise gastric sensory thresholds in our patients, the fact that normal or abnormal duodenal motor events did not correlate with discomfort except in one patient with non-ulcer dyspepsia+irritable bowel syndrome, while similar small intestinal motor events are associated with abdominal discomfort in irritable bowel syndrome patients26 suggests possible regional differences in visceral hypersensitivity.
As shown in this study and previous reports,13 14 20 sleep disturbances including the 'alpha abnormality' are not restricted to non-ulcer dyspepsia patients but are common in patients with irritable bowel syndrome symptoms as well. In a study of 123 patients with fibromyalgia syndrome (thought to exhibit the 'alpha abnormality'), discomfort or pain, or both thought to arise from the lower gastrointestinal tract, and consistent with a diagnosis of irritable bowel syndrome were found in 54% ofpatients, while complaints of a change in bowel habits in these patients were not different from control subjects without fibromyalgia syndrome.20 Nausea was found in 21%.
Our findings indirectly support an association between changed nocturnal duodenal motor activity and a changed sleep pattern in some non-ulcer dyspepsia patients. Currently available data17 20 27 40 suggest that based on specific sleep abnormalities, there may be distinct subgroups of patients with functional bowel disorders. One could speculate that those patients who exhibit the 'alpha abnormality' may show increased responsiveness to treatment with low dose tricyclic antidepressants, similar to fibromyalgia syndrome patients. Formal polysomnographic studies in these patients and correlation of sleep patterns with motor and sensory function of the upper gut will be necessary to firther test this hypothesis.
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